Study Design. Analysis of prospectively collected data in a national register. Objective. The aim of this study was to, in a nationwide perspective, evaluate whether there exist sex differences in outcome of lumbar disc herniation (LDH) surgery and whether the gender-specific referral pattern influence the outcome. Summary of Background Data. Previous studies infer that women are referred to LDH surgery with inferior clinical status than men. Whether the surgical outcome is different in men and women is debated. Methods. We found in the validated Swedish National Spine Surgical Register, 11,237 patients aged 13 to 89 years who between years 2000 and 2010 were registered in SweSpine with LDH surgery and with both preoperative and 1 year postoperative data. The register includes data on sex, age, smoking habits, walking distance, consumption of analgesics, back and leg pain (Visual Analogue Scale; VAS), quality of life (EuroQol; EQ5D and Short Form-36 Questionnaire; SF-36), and disability (Oswestry Disability Index; ODI). We evaluated sex discrepancies in response to surgery and 1 year postoperative outcome. Results. All end point variables improved markedly with a similar rate in both men and women (all P < 0.001). As women preoperatively reported higher consumption of analgesics, more impaired walking distance, more back and leg pain, inferior quality of life and higher disability than men (all P < 0.001) and improvement by surgery was similar in both sex, women reported 1 year after surgery still higher consumption of analgesics, more impaired walking distance, more back and leg pain, inferior quality of life, and higher disability (all P < 0.001). Conclusion. Surgery for LDH confers great improvements in both sex. Because women are scheduled for surgery with an inferior clinical status than men and the improvement is similar in both sex, the 1 year postoperative outcome is inferior in women than in men. Key words: disc, females, sex differences, herniation, lumbar, males, Oswestry Disability Index, outcome, PROM, SF-36, surgery, surgical treatment. Level of Evidence: 2 Spine 2016;41:1247-1252 T he annual incidence of sciatica in the western world is reported as 5/1000 adults 1 with the most common cause of the sciatica being lumbar disc herniation (LDH). LDH has in general a favorable natural prognostic course and a majority of patients with LDH therefore treated nonsurgically. [2] [3] [4] Surgery is the ultimate treatment in 5% to 10% of all cases, generally as a result of months with nonresolving pain. A small group of patients are treated with early surgery, most often as a result of progressive neurological deficits, cauda equine syndrome, or insufficient pharmacological pain relief. The surgical outcome is mainly reported as good or excellent. 2, [5] [6] [7] [8] [9] In the 2012 report from the National Swedish Spine Surgery Register, 8 56% of surgically treated LDH patients were men. This male predominance is consistent with most studies 7, 10, 11 . Possible explanations for this could be that men have more disc degenerations than age-matched women, 12 by gender different risk-taking behavior and/or gender-specific referral pattern by the profession. We have previously reported that women are referred to LDHsurgery with inferior clinical status than men.
T he annual incidence of sciatica in the western world is reported as 5/1000 adults 1 with the most common cause of the sciatica being lumbar disc herniation (LDH). LDH has in general a favorable natural prognostic course and a majority of patients with LDH therefore treated nonsurgically. [2] [3] [4] Surgery is the ultimate treatment in 5% to 10% of all cases, generally as a result of months with nonresolving pain. A small group of patients are treated with early surgery, most often as a result of progressive neurological deficits, cauda equine syndrome, or insufficient pharmacological pain relief. The surgical outcome is mainly reported as good or excellent. 2, [5] [6] [7] [8] [9] In the 2012 report from the National Swedish Spine Surgery Register, 8 56% of surgically treated LDH patients were men. This male predominance is consistent with most studies 7, 10, 11 . Possible explanations for this could be that men have more disc degenerations than age-matched women, 12 by gender different risk-taking behavior and/or gender-specific referral pattern by the profession. We have previously reported that women are referred to LDHsurgery with inferior clinical status than men. 13 If improvement by surgery is similar in men and women, this would result in an inferior surgical outcome in women. This hypothesis has actually been forwarded in few studies. 14, 15 With this background we hypothesized that: (i) women who undergo surgery due to LDH have inferior postoperative outcome in terms of PROMs compared to men and (ii) these differences are the result of women being referred to surgery with inferior preoperative scores, not by women experiencing an inferior improvement by surgery.
MATERIALS AND METHODS
SweSpine, the national Swedish spine register includes patients operated due to all spinal disorders. SweSpine has previously been described in detail and validated. 8, [16] [17] [18] [19] The registry includes 90% of the departments conducting spine surgery in Sweden, this in spite of the participation being voluntary both for the hospitals and the patients. We identified between the years 2000 and 2010, 15,631 patients scheduled for LDH surgery with preoperative data and 11,237 patients of these had completed the 1-year followup protocol. All patients underwent standard open disc herniation surgery, with or without microscopic assistance. Data provided by the patient include age, sex, smoking habits, duration of leg and back pain, level of pain registered on a visual analogue scale (VAS), quality of life registered by EuroQol 5 Dimensions (EQ5D) and Short Form 36 (SF-36), and disability registered by Oswestry Disability Index (ODI). Data provided by the surgeon were diagnosis, operated level and side, complications, and perioperative mortality.
In a drop-out analysis, we compared baseline data in the 4391 patients who only completed the preoperative data with the 11,237 patients who also completed the follow-up. These analyses showed no statistically significant differences in level of pain according to VAS, quality of life according to EQ5D or SF-36 subgroup mental component summary (MCS), or disability according to ODI (data not shown). The only preoperative statistically significant difference between these groups was a mean group difference of 1.0 [95% confidence interval (CI) 0.5-1.5] in the subscale SF-36 physical component summary (PCS).
Statistical analyses were performed in IBM Statistical Package for Social Science (SPSS statistics version 22). Data are presented as numbers, median with ranges, means AE standard deviations (SD), or proportions (%). Group comparisons are done with Chi-square test and Students t test between means. A P value of less than 0.001 was regarded as a statistically significant difference.
RESULTS

Preoperative Data
Preoperative baseline characteristics are presented in Table  1 . There were 45% women (mean age 44 AE 13) and 55% men (mean age 45 AE 13). More women than men were smokers. Women reported higher consumption of analgesics, inferior walking distance, more back and leg pain, Data are presented as mean (SD) or proportions (%). Na ¼ not applicable inferior quality of life, and greater disability (all P < 0.001) ( Tables 1 and 2 ).
Perioperative Data
The most common surgical complications were incidental durotomy, which was reported in 2.9%, accidental nerve root injuries in 0.2%, and perioperative mortality in 0.04% of the surgeries. Approximately 0.5% of the patients postoperatively developed urinary retention, 0.1% cauda equina syndrome, and 0.03% were registered with pulmonary embolism. None was registered with deep vein thrombosis. There was no statistically significant sex difference in rates or types of complications.
Postoperative Data
The (Tables 2  and 3 ). One year after the operation, women reported higher consumption of analgesics, inferior walking distance, more back and leg pain, inferior quality of life, and greater disability than men (all P < 0.001) ( Tables 1 and 2) . No significant differences were seen in terms of satisfaction, 75% of the women and 77% of the men were satisfied with outcome.
It deserves to be commented that the statistical differences demonstrated mainly are due to high number of patients included and regarding mean values do not reach clinically relevant differences in all parameters but nonetheless that all parameters described show inferior values for women.
DISCUSSION
This study shows that LDH surgery confers great improvement for both women and men so that both sex meet the criteria for successful outcome after LDH surgery. Because women are referred to surgery with inferior clinical status than men and since the improvement by surgery is similar in both sex, women 1 year after surgery still report inferior clinical status as compared to men. The clinical relevance of this is supported by the higher postoperative consumption of analgesics and the shorter reported walking distances in women. Reasons for the preoperative sex different referral pattern is unknown and to our knowledge not supported by evidence-based data. We therefore forward the question whether women would reach better postoperative outcome if being referred to surgery with similar indications as men. Women scheduled for LDH surgery preoperatively report inferior clinical status than men. 13 The improvement at 1 year postoperatively (delta value) is clinically significant in both sex and more than well meets the criteria for successful outcome after LDH surgery, defined as VAS 25 for back pain, VAS 35 for leg pain, EQ-index of 0.3, and ODI of 20. 20 It should be mentioned that sex discrepancies were found in two of the subdomains of SF-36; however, with a sex difference of less than 6 points; the cut-off level usually referred to as being a difference of clinical relevance. 21 The postoperative female inferiority thus correlates to an inferior preoperative status in women. One could only speculate why this perioperative sex discrepancy exists because we have found no data in the literature that evidence-based support that women ought to be referred to surgery with an inferior clinical status than men. Women report in general inferior quality of life in SF-36 as compared to age-matched men, 22 but the sex differences in the LDH cohort are more pronounced than those found in reference population. The higher proportion of female smokers could be part of the explanation for the discrepancy because smoking is associated with disc degeneration, increased perioperative morbidity, and surgical healing problems. 23 -26 The sex difference also might be affected by factors beyond strict medical decision making, such as women being less prone to take surgical risks compared to men 27 and thus possibly more restrictive to accept also LDH surgery. The design of this study could, however, not explore this hypothesis and we could in this article state nothing regarding causality. But, because there are no clinically relevant sex differences in the response to surgery, the concern that women possibly could reach a more beneficial outcome if being referred to surgery with the same indications as men remains unanswered.
Out data mimics those of most published studies with similar populations in respect of preoperative status, postoperative outcome, and rate of complications. In one report including 2504 patient with a mean age of 41 years who had been surgically treated due to LDH, 76.9% reported complete relief of sciatica, 17.6% partial relief, and 5.5% no relief or deterioration, 7 quite similar to the outcome in our cohort. Our study also follows the sex distribution reported in other studies, 2, 11, 15 preponderance of operated level, 2, 11, 15 and degree of preoperative leg pain. 15 Compared to the much cited SPORT study, 9, 11 we found similar preoperative SF-36 subscores physical functioning (PF) and BP and similar ODI, similar improvement in SF-36 and ODI and more or less identical 1 year postoperative SF-36 and ODI scores. 9, 11 With these striking similarities, our data seems to be representative and because including patients on a nationwide basis with no exclusion criteria, the results ought to be generalizable.
The complication rate in our study is similar to that reported by other authors, 11, 28 also supporting the view that our data is generalizable. The most commonly reported surgical complication in LDH surgery is incidental durotomy, 11, 28 in our study seen in less than 3% of the procedures, a complication in the literature reported not to affect the outcome. 28 Lethal and lifethreatening perioperative complications are generally reported as rare, 7,10,11 so also in our study. It should be noted that this inference could be drawn, in spite of including also high-risk patients, the oldest patients, and patients suffering from severe comorbidity. This strengthens the view that LDH surgery is a safe procedure.
The strengths of our study include the prospective study design with no exclusion criteria. This report documents the general outcome in patients on a nationwide basis and not only surgery performed on previously healthy patients in highly specialized units. Our data therefore show what is possible to reach in the general health care system when the patients are treated by experienced as well as relatively unexperienced surgeons also in units performing spine surgery in small numbers annually. Another strength is that this is the study with the largest evaluated cohort of LDH surgery, that the cohort is evaluated with several validated PROMs which makes it possible to compare the outcome in our study with other studies, not only LDH surgical studies but actually also with other surgical procedures when resources are allocated within the health care system.
The weaknesses include the general problem in registry studies with a high drop-out frequency and the risk of conducting selection bias. However, the former seems in our study to be a minor problem as we found no clinically important differences in our drop-out analyses.
In summary, patients operated for LDH experience pronounced improvement by surgery. Both sex report a similar degree of improvement by surgery, but because women are referred to surgery with inferior clinical status than do men, women report inferior outcome 1 year after surgery. We have in the literature found no evidence based data that support the existence of a sex discrepancy. The question then rises whether women would reach a better outcome if being referred to surgery with the same indications, that is, the same baseline characteristics as men.
Key Points
Surgical treatment of LDH confers significant improvement in both men and women. Women experience inferior outcome after surgical treatment of LDH compared with men.
Improvement after surgical treatment of LDH is virtually equal in both sex.
